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(54) Read-out apparatus for an image detector 

(57) A read-out apparatus for an image detector 
scans the image detector, on which image information 
has been recorded as an electrostatic latent image, with 
a reading electromagnetic wave and detects electric 
currents caused by the scanning to flow out of the 
image detector in accordance with the electrostatic 
latent image. The read-out apparatus comprises a sur- 
face-shaped wave source constituted of a plurality of 
small wave sources, which are arrayed in a surface form 
and each of which produces the reading electromag- 
netic wave, and a wave source controller for performing 
the scanning by driving the small wave sources one 
after another. The read-out apparatus reads out the 
electrostatic latent image without mechanical scanning 
being required. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] This invention relates to a read-out apparatus 
for an image detector. This invention particularly relates 
to a read-out apparatus for reading out an electrostatic 
latent image from an image detector, which generates a 
current in accordance with latent image charges carry- 
ing image intonation. This invention also relates to an 
image detecting and read-out apparatus comprising the 
read-out apparatus and the image detector, which are 
combined with each other. 

Description of the Prior Art 

[0002] Apparatuses utilizing image detectors, e.g. fac- 
simile apparatuses, copying machines, and radiation 
image sensors, have heretofore been known. 
[0003] For example, systems for recording and read- 
ing out radiation image intonation utilizing image detec- 
tors have heretofore been proposed. With the proposed 
systems for recording and reading out radiation image 
intonation, such that a radiation dose delivered to an 
object during a medical X-ray image recording opera- 
tion may be kept small, and such that the image quality 
of an image and its capability of serving as an effective 
tool in, particularly, the efficient and accurate diagnosis 
of an illness may be enhanced, a photo-conductive 
material sensitive to X-rays, such as a selenium plate 
constituted of, e.g., a-Se, is employed as a photosensi- 
tive material or an electrostatic recording material. The 
photosensitive material (or the electrostatic recording 
material) is exposed to radiation, such as X-rays, carry- 
ing radiation image information, and latent image 
charges carrying the radiation image information are 
thereby accumulated in the photosensitive material. 
Thereafter, the photosensitive material is scanned with 
a laser beam, and currents occurring in the photosensi- 
tive material are detected via flat plate-shaped elec- 
trodes or comb tooth-shaped electrodes, which are 
located on opposite surface sides of the photosensitive 
material. In this manner, the electrostatic latent image 
represented by the latent image charges, i.e. the radia- 
tion image information, is read out. Such systems for 
recording and reading out radiation image information 
are described in, for example, U.S. Patent Nos. 
4,176,275, 5,440,146, and 5,510,626. "A Method of 
Electronic Readout of Electrophotographic and Electro- 
radiographic Image," Journal of Applied Photographic 
Engineering, Volume 4, Number 4, Fall 1978, pp. 178- 
182 (hereinbelow referred to as the Literature 1), and 
"23027 Method and device for recording and transduc- 
ing an electromagnetic energy pattern," Research Dis- 
closure, June 1983 (hereinbelow referred to as the 
Literature 2). 



[0004] With the systems described in U.S. Patent Nos. 
4,176,275 and 5,510,626 and the Literature 1, a laser 
beam having been produced by an argon laser is 
expanded into a thin line-shaped light (a line light), and 

5 the line light is focalized by a cylindrical lens onto a pho- 
tosensitive material, on which an electrostatic latent 
image has been recorded. In this manner, the photosen- 
sitive material is mechanically scanned with the line 
light, and the electrostatic latent image having been 

10 recorded on the photosensitive material is read out in a 
parallel manner with a plurality of comb tooth-shaped 
electrodes. 

[0005] In the systems described in U.S. Patent Nos. 
4,176,275 and 5,510,626 and the Literature 1, such that 

is the photosensitive material, from which the electrostatic 
latent image has been read out, may be used again for 
the recording of an electrostatic latent image, it is nec- 
essary to perform an erasing process for exposing the 
photosensitive material to uniform erasing light. In U.S. 

20 Patent No. 5,51 0,626, a system provided with means for 
cutting out light having wavelengths for readout (wave- 
lengths of blue light) as a light source for producing the 
uniform erasing light is disclosed. 
[0006] With the system described in the Literature 2, 

25 pre-charging is performed with primary exposure, and 
thereafter final recording is performed. 
[0007] Also, in Japanese Patent Application No. 
10(1998)-232824, the applicant proposed an electro- 
static recording material and a read-out apparatus for 

30 reading out radiation image information from the elec- 
trostatic recording material, on which the , radiation 
image information has been recorded. The proposed 
electrostatic recording material comprises: 

35 i) a first electrical conductor layer having permeabil- 
ity to recording radiation, 

ii) a recording photo-conductive layer, which exhib- 
its photo-conductivity when it is exposed to the 
recording radiation, 

AO iii) a charge transporting layer, which acts approxi- 
mately as an insulator with respect to electric 
charges having a polarity identical with the polarity 
of electric charges occurring in the first electrical 
conductor layer, and which acts approximately as a 

45 conductor with respect to electric charges having a 
polarity opposite to the polarity of the electric 
charges occurring in the first electrical conductor 
layer, 

iv) a reading photo-conductive layer, which exhibits 
so photo-conductivity when it is exposed to a reading 

electromagnetic wave;* and 

v) a second electrical conductor layer having per- 
meability to the reading electromagnetic wave, 
the layers being overlaid in this order. 

55 

[0008] With the read-out apparatus described in Jap- 
anese Patent Application No. 10(1998)-232824, the 
electrostatic recording material, on which an electro- 
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static latent image has been recorded, is scanned with 
a reading electromagnetic wave having been produced 
by a light source, and the electrostatic latent image hav- 
ing been recorded on the electrostatic recording mate- 
rial is thereby read out. Japanese Patent Application No. 
10(1998)-232824 also discloses a technique tor per- 
forming pre-exposure prior to the recording ol the elec- 
trostatic latent image and thereby preventing image 
quality from becoming bad due to a residual image or a 
dark latent image. 

[0009] However, with the systems described in U.S. 
Patent Nos. 4,176,275 and 5,510,626 and the Literature 
1, wherein the photosensitive material is mechanically 
scanned with the line light, it is necessary for the cylin- 
drical lens for the scanning, a mechanical scanning sec- 
tion, and the like, to be provided. Therefore, the 
problems occur in that a large number of parts must be 
provided, and the read-out apparatus cannot be kept 
cheap in cost and small in size. Also, the problems 
occur in that scanning nonuniformity ordinarily occurs 
with the mechanical scanning. 

[0010] Further, as described in U.S. Patent No. 
5,510,626, such that the photosensitive material, from 
which the electrostatic latent image has been read out, 
may be used again for the recording of an electrostatic 
latent image, the systems described in U.S. Patent Nos. 
4,176,275 and 5,510,626 and the Literature 1 must be 
provided with means for cutting out light having wave- 
lengths for readout from the light having been produced 
by the erasing light source. Therefore, the number of 
necessary parts increases even further, and the prob- 
lems occur in that the read-out apparatus becomes 
expensive and large in size. 

[001 1] With the system described in the Literature 2, 
besides the light source for readout, a light source for 
the primary exposure must be provided. Therefore, the 
problems occur in that the read-out apparatus cannot 
be kept cheap in cost and small in size. 
[0012] In Japanese Patent Application No. 10(1998)- 
232824, it is not described clearly whether the scanning 
with reading light is or is not the mechanical scanning. 
However, from drawings for embodiments, it is pre- 
sumed that the scanning with the reading light is the 
mechanical scanning. In cases where the scanning is 
the mechanical scanning, the same problems as those 
encountered with the systems described in U.S. Patent 
No. 4,176,275, and the like, occur. 
[0013] In cases where the scanning with the reading 
light is the mechanical scanning, the photosensitive 
material or the electrostatic recording material, on 
which the electrostatic latent image has been recorded, 
must be set on the read-out apparatus, and the electro- 
static latent image must be read out with the read-out 
apparatus. Therefore, it is difficult to combine the photo- 
sensitive material, or the like, and the read-out appara- 
tus with each other, i.e. to form a portable type of 
aipparatus, such that the electrostatic latent image can 
be read out immediately after the recording or whenever 
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it is to be read out. 
SUMMARY OF THE INVENTION 

5 [0014] The primary object of the present invention is 
to provide a read-out apparatus for an image detector, 
wherein an electrostatic latent image is capable of being 
read out from a photosensitive material, or the like, with- 
out mechanical scanning being required. 
io [0015] Another object of the present invention is to 
provide an image detecting and read-out apparatus 
comprising a read-out apparatus and an image detec- 
tor, which are combined with each other. 
[0016] The present invention provides a read-out 
75 apparatus for an image detector, wherein a reading 
electromagnetic wave is caused to scan an image 
detector, on which image information has been 
recorded as an electrostatic latent image, and electric 
currents caused by the scanning to flow out of the 
20 image detector in accordance with the electrostatic 
latent image are detected, the read-out apparatus com- 
prising: 

i) a surface-shaped wave source constituted of a 
25 plurality of small wave sources, which are arrayed 
in a surface form and each of which produces the 
reading electromagnetic wave, and 
ti) wave source control means for performing the 
scanning by driving the small wave sources one 
30 after another. 

[0017] The term "image detector" as used herein 
means the device capable of recording image informa- 
tion as an electrostatic latent image and generating 
35 electric currents in accordance with the electrostatic 
latent image when being scanned with the reading elec- 
tromagnetic wave. By way of example, the image detec- 
tor may be the photosensitive material described in U.S. 
Patent No. 4,176,275, or the like, or the Literature 1, or 
40 the electrostatic recording material described in Japa- 
nese Patent Application No. 10(1998)-232824. As the 
image detector, an image detector may be employed, 
which is capable of recording image information as an 
electrostatic latent image when being exposed to light 
45 (not limited to visible light) carrying the image informa- 
tion. Alternatively, an image detector may be employed, 
which is capable of recording radiation image informa- 
tion as an electrostatic latent image when being 
exposed to radiation carrying the radiation image infor- 
50 mation of an object. This also applies to an image 
detector of an image detecting and read-out apparatus 
in accordance with the present invention, which will be 
described later. 

[001 8] The reading electromagnetic wave may be one 
55 of various kinds of electromagnetic waves, with which 
the electrostatic latent image is capable of being read 
out from the image detector. Specifically, the reading 
electromagnetic wave may be light, radiation, or the like. 
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Therefore, in cases where light is utilized as the reading 
electromagnetic wave, the wave source may be referred 
to as the light source. In cases where radiation is uti- 
lized as the reading electromagnetic wave, the wave 
source may be referred to as the radiation source. 
[0019] The read-out apparatus for an image detector 
in accordance with the present invention should prefer- 
ably be modified such that it further comprises electro- 
magnetic shield means located at least on the side of 
the surface-shaped wave source, which stands facing 
the image detector. The electromagnetic shield means 
should have permeability to the reading electromag- 
netic wave. Besides the side of the surface-shaped 
wave source, which stands facing the image detector, 
the electromagnetic shield means should preferably be 
located also on other sides of the surface-shaped wave 
source. For example, the electromagnetic shield means 
should preferably be located so as to surround the 
entire surface-shaped wave source. In cases where the 
electromagnetic shield means surrounds the entire sur- 
face-shaped wave source, it is only necessary that at 
least the side of the electromagnetic shield means, 
which stands facing the image detector, has permeabil- 
ity to the reading electromagnetic wave, and all sides of 
the electromagnetic shield means need not necessarily 
be permeable to the reading electromagnetic wave. 
[0020] Also, the read-out apparatus for an image 
detector in accordance with the present invention 
should preferably be modified such that the wave 
source control means is capable of simultaneously driv- 
ing the plurality of the small wave sources so as to irra- 
diate a pre-exposure electromagnetic wave to the 
image detector. In such cases, the plurality of the small 
wave sources may be driven simultaneously, and the 
pre-exposure electromagnetic wave may thereby be 
irradiated to the image detector. It is most preferable 
that the pre-exposure electromagnetic wave is irradi- 
ated simultaneously to the entire area of the image 
detector. Alternatively, for example, the pre-exposure 
electromagnetic wave may be irradiated to the right half 
of the image detector and then to the left half of the 
image detector. 

[0021] The term "pre-exposure" as used herein 
means that the electromagnetic wave is irradiated to the 
image detector in order to eliminate unnecessary elec- 
tric charges accumulated in the image detector before 
the recording light is irradiated to the image detector (as 
described in Japanese Patent Application No. 10(1998)- 
232824), or that primary exposure is performed in order 
to perform pre-charging before final recording is per- 
formed (as described in the Literature 2). The wave- 
lengths of the pre-exposure electromagnetic wave may 
be identical with the wavelengths of the reading electro- 
magnetic wave, or may be different from the wave- 
lengths of the reading electromagnetic wave. 
[0022] Further, the read-out apparatus for an image 
detector in accordance with the present invention 
should preferably be modified such that the plurality of 



the small wave sources are point-shaped small wave 
sources, and the surface-shaped wave source is consti- 
tuted of the plurality of the point-shaped small wave 
sources, which are arrayed in a matrix form. Alterna- 

5 tiveiy, the plurality of the small wave sources may be 
line-shaped small wave sources, and the surface- 
shaped wave source is constituted of the plurality of the 
line-shaped small wave sources, which are arrayed so 
as to stand side by side along a direction normal to a 

iq longitudinal direction of each small wave source. In 
such cases, the point-shaped small wave sources or the 
line-shaped small wave sources may be arrayed such 
that they may be in close contact with one another or 
such that they may be disposed at a predetermined 

15 spacing from one another. For example, in order for the 
read-out sharpness to be enhanced, the small wave 
sources may be disposed at a predetermined spacing 
from one another. 

[0023] In cases where the plurality of the line-shaped 

20 small wave sources are arrayed so as to stand side by 
side along the direction normal to the longitudinal direc- 
tion of each small wave source, each of the line-shaped 
small wave sources should preferably be constituted of 
a plurality of point-shaped small wave sources, which 

25 are arrayed in a line form. In such cases, the plurality of 
the point-shaped small wave sources, which constitute 
each line-shaped small wave source, may be arrayed 
such that they may be in close contact with one another 
or such that they may be disposed at a predetermined 

30 spacing from one another. 

[0024] In the read-out apparatus for an image detector 
in accordance with the present invention, the surface- 
shaped wave source should preferably be constituted of 
an electroluminescence (EL) device, such as an organic 

35 EL device. Alternatively, the surface-shaped wave 
source may be constituted of a liquid crystal and a back 
light source, which is located on a side of the liquid crys- 
tal that is opposite to the side of the liquid crystal facing 
the image detector. Particularly, in cases where the 

40 organic EL device is employed, the organic EL device 
should preferably be provided with a dielectric multi- 
layer film, which is located on the side facing the image 
detector. 

[0025] The present invention also provides an image 
45 detecting and read-out apparatus, comprising: 

i) an image detector, which records image informa- 
tion as an electrostatic latent image and which gen- 
erates electric currents in accordance with the 

so electrostatic latent image when it is scanned with a 
reading electromagnetic wave, 

ii) current detecting means for detecting the electric 
currents generated by the image detector, 

iii) a surface-shaped wave source constituted of a 
55 plurality of small wave sources, which are arrayed 

in a surface form and each of which produces the 
reading electromagnetic wave, and 

iv) wave source control means for performing the 
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scanning by driving the small wave sources one 
after another, 

the image detector, the current detecting means, 
the surface-shaped wave source, and the wave 
source control means being combined with one s 
another. 

10026] As the surface-shaped wave source constitut- 
ing the image detecting and read-out apparatus in 
accordance with the present invention, one of various « 
examples of the surface-shaped wave source constitut- 
ing the aforesaid read-out apparatus for an image 
detector in accordance with the present invention may 
be employed. In such cases, the surface-shaped wave 
source should preferably take on the form adapted to t 
the form of reading electrodes of the image detector 
(e.g., the flat plate-shaped electrode or the comb tooth- 
shaped electrodes). For example, in cases where the 
image detector has the comb tooth-shaped electrodes, 
the surface-shaped wave source should preferably be ^ 
constituted of a plurality of line-shaped small wave 
sources, which are arrayed so as to stand side by side 
along the direction normal to the longitudinal direction of 
each small wave source. 

[0027] Also, in the image detecting and read-out - 
apparatus in accordance with the present invention, the 
electromagnetic shield means described above should 
preferably be utilized. Further, the wave source control 
means should preferably be capable of simultaneously 
driving the plurality of the small wave sources so as to 
irradiate a pre-exposure electromagnetic wave to the 
image detector. 

[0028] Specifically, the image detecting and read-out 
apparatus in accordance with the present invention 
comprises the image detector and the read-out appara- 
tus, which are combined with each other, and the afore- 
said features of the read-out apparatus for an image 
detector in accordance with the present invention may 
also be employed in the image detecting and read-out 
apparatus in accordance with the present invention. 
[0029] With the read-out apparatus for an image 
detector in accordance with the present invention, the 
plurality of the small wave sources are arrayed in a sur- 
face form and driven one after another. In this manner, 
the image detector is scanned with the reading electro- 
magnetic wave. Therefore, it is unnecessary for 
mechanical scanning as in conventional techniques to 
be performed for the scanning with the reading electro- 
magnetic wave. As a result, the number of parts can be 
kept small, and a simple, cheap, and small read-out 
apparatus can be formed. Also, since the mechanical 
scanning is not performed, the scanning system need 
not be provided with movable parts. Accordingly, the 
reliability of the read-out apparatus can be enhanced, 
and scanning nonuniformity can be reduced. 
[0030] Further, with the read-out apparatus for an 
image detector in accordance with the present inven- 
tion, wherein the electromagnetic shield means is 



located at least on the side of the surface-shaped wave 
source, which stands facing the image detector, the 
problems can be prevented from occurring in that noise 
appears on the read-out image due to electromagnetic 
noise occurring when the small wave sources are 
changed over and driven one after another. 
[0031] Furthermore, with the read-out apparatus for 
an image detector in accordance with the present inven- 
tion, wherein the irradiation of the pre-exposure eiectro- 
i magnetic wave to the image detector is performed by 
utilizing the reading wave source and by simultaneously 
driving the plurality of the small wave sources, the read- 
ing wave source can be utilized also as the pre-expo- 
sure wave source. Therefore, the number of parts of the 
s apparatus can be kept small, and a cheap and small 
apparatus can be formed. 

[0032] Also, in cases where the plurality of the small 
wave sources are arrayed in a surface form, for exam- 
ple, the plurality of the point-shaped may be arrayed in 
>o a matrix form, or the plurality of the line-shaped smalt 
wave sources may be arrayed so as to stand side by 
side along the direction normal to the longitudinal direc- 
tion of each small wave source. Therefore, the constitu- 
tion of the small wave sources can be selected 
25 appropriately in accordance with the form of the reading 
electrodes of the image detector (e.g., the fiat plate- 
shaped electrode or the comb tooth-shaped elec- 
trodes). Particularly, in cases where the plurality of the 
line-shaped small wave sources are arrayed so as to 
30 stand side by side along the direction normal to the lon- 
gitudinal direction of each small wave source, each of 
the line-shaped small wave sources may be constituted 
of a plurality of point-shaped small wave sources, which 
are arrayed in a line form, in such cases, quick readout 
35 can be performed (by virtue of the utilization of the line- 
shaped small wave sources), and the read-out sharp- 
ness can be enhanced. 

[0033] As the surface-shaped wave source, specifi- 
cally, the EL device, such as an organic EL device, or 
40 the liquid crystal may be utilized. The EL device and the 
liquid crystal are currently available easily. Therefore, 
the read-out apparatus for an image detector in accord- 
ance with the present invention can be produced easily. 
In particular, in cases where the organic EL device, 
45 which is provided with the dielectric multi-layer film 
located on the side facing the image detector, is utilized, 
the directivity of the EL light can be enhanced, and the 
read-out sharpness can be enhanced. 
[0034] Further, in cases where the image detector, the 
50 current detecting means, the surface-shaped wave 
source, and the wave source control means are com- 
bined with one another, the apparatus can be formed as 
a portable type of apparatus, with which the electro- 
static latent image can be read out immediately after the 
55 recording or whenever it is to be read out. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0035] 

Figure 1 A is a perspective view showing an embod- 
iment of the image detecting and read-out appara- 
tus in accordance with the present invention, 
wherein an EL device is utilized as a light source 
and a radiation image is detected and read out, 
Figure 1 B is an X-Z cross-sectional view of Figure 
1A, 

Figure 1 C is an X-Y cross-sectional view of Figure 
1A, 

Figure 2A is a perspective view showing an embod- 
iment of the image detecting and read-out appara- 
tus in accordance with the present invention, 
wherein an organic EL device is utilized as a light 
source and a radiation image is detected and read 
out, 

Figure 2B is an X-Z cross-sectional view of Figure 
2A, 

Figure 2C is an X-Y cross-sectional view of Figure 
2A, 

Figure 3A is a perspective view showing an embod- 
iment of the image detecting and read-out appara- 
tus in accordance with the present invention, 
wherein a liquid crystal is utilized as a light source 
and a radiation image is detected and read out, 
Figure 3B is an X-Z cross-sectional view of Figure 
3A, 

Figure 3C is an X-Y cross-sectional view of Figure 
3A. 

Figure 4A is a perspective view showing an embod- 
iment of the read-out apparatus for an image detec- 
tor in accordance with the present invention, and 
Figure 4B is a perspective view showing a detector 
casing, for which the embodiment of Figure 4A is 
utilized. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0036] The present invention will hereinbelow be 
described in further detail with reference to the accom- 
panying drawings. 

[0037] Figure 1A is a perspective view showing an 
embodiment of the image detecting and read-out appa- 
ratus in accordance with the present invention, wherein 
an EL device is utilized as a light source and a radiation 
image is detected and read out. Figure IB is an X-Z 
cross-sectional view of Figure 1A. Figure 1C is an X-Y 
cross-sectional view of Figure 1A. In Figure 1A, light 
source control means (an example of wave source con- 
trol means) 40, which controls part (an electric power 
source, and the like) of a recording apparatus for 
recording an electrostatic latent image on a radiation 
image detector 10 and a reading surface-shaped light 
source (an example of a surface-shaped wave source) 



30, and current detecting means 50 are also shown. As 
illustrated in Figure 1 A, a radiation image detecting and 
read -out apparatus 1 is constituted of the radiation 
image detector 10 and a read-out apparatus 20 for the 
s radiation image detector 10. 

[0038] The radiation image detector 10 records radia- 
tion image information as an electrostatic latent image 
and generates electric currents in accordance with the 
electrostatic latent image when it is scanned with a 
10 reading electromagnetic wave (hereinbelow referred to 
as reading light). Specifically, the radiation image detec- 
tor 10 comprises a first electrical conductor layer 11, 
which has permeability to recording radiation (e.g., X- 
rays). The recording radiation will hereinbelow be 
is referred to as the recording light. The radiation image 
detector 10 also comprises a recording photo-conduc- 
tive layer 12, which exhibits photo-conductivity when it is 
exposed to the recording light. The radiation image 
detector 10 further comprises a charge transporting 
20 layer 13, which acts approximately as an insulator with 
respect to electric charges (latent image polarity 
charges, e.g. negative charges) having a polarity identi- 
cal with the polarity of electric charges occurring in the 
first electrical conductor layer 11, and which acts 
25 approximately as a conductor with respect to electric 
charges (transported polarity charges, positive charges 
in this example) having a polarity opposite to the polarity 
of the electric charges occurring in the first electrical 
conductor layer 1 1 . The radiation image detector 1 0 still 
30 further comprises a reading photo-conductive layer 14, 
which exhibits photo-conductivity when it is exposed to 
reading light, and a second electrical conductor layer 15 
having permeability to the reading light. The first electri- 
cal conductor layer 11, the recording photo-conductive 
35 layer 12, the charge transporting layer 13, the reading 
photo-conductive layer 14, and the second electrical 
conductor layer 15 are overlaid in this order. The second 
electrical conductor layer 15 is formed in a comb tooth 
shape. The comb tooth regions (hatched in Figure 1A) 
40 of the second electrical conductor layer 15 will herein- 
below be referred to as comb tooth-shaped electrodes 
15a, 15a, ... (Reference may be made to the electro- 
static recording material described in Japanese Patent 
Application No. 10(1998)-232824.) 
45 [0039] The read-out apparatus 20 comprises the sur- 
face-shaped light source 30, the light source control 
means 40 for controlling the surface-shaped light 
source 30, and the current detecting means 50. 
[0040] The surface-shaped light source 30 is consti- 
50 tuted of an EL device. The surface-shaped light source 
30 comprises an electrically conductive layer 31 , an EL 
layer 32, and an electrically conductive layer 33. An 
insulation layer 34 is formed between the second elec- 
trical conductor layer 15 of the radiation image detector 
55 10 and the electrically conductive layer 31 of the sur- 
face-shaped light source 30. The electrically conductive 
layer 31 is formed in a comb tooth shape so as to inter- 
sect (in this embodiment, approximately perpendicu- 
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larly) with the comb tooth-shaped electrodes 15a, 15a, 
... of the radiation image detector 10. In this manner, the 
surface-shaped light source 30 is constituted such that 
a plurality ot comb teeth 31a. 31a, ... (hatched in Figure 
1 A), which act as line-shaped light sources, are arrayed s 
in a surface form. Each of the comb teeth 31a, 31a. ... is 
connected to the light source control means 40. Also, 
each of the comb teeth 31a. 31a, ... is formed from a 
material permeable to EL light produced by the EL layer 
32. The electrically conductive layer 33 is formed as a w 
flat plate-shaped electrode. The electrically conductive 
layer 33 is formed from a material, which totally reflects 
the EL light produced by the EL layer 32. 
[0041 ] The EL layer 32 may be an inorganic EL layer 
formed from an inorganic material, or may be an organic is 
EL layer formed from an organic material. As illustrated 
in Figures 2A ( 2B t and 2C, in cases where the EL layer 
32 is an organic EL layer, an organic EL device, which 
comprises a transparent substrate 35 and a dielectric 
multi-layer film 36 overlaid in this order upon the electri- 20 
cally conductive layer 31 , should preferably be utilized 
as a surface-shaped light source 37. In cases where the 
dielectric multi-layer film 36 is overlaid in this manner, 
the directivity of the EL light can be enhanced, and the 
read-out sharpness can be enhanced. In cases where 2s 
the EL layer 32 is constituted of the organic EL layer, the 
thickness of the EL layer 32 can be kept thin. 
[0042] The wavelengths of the EL light produced by 
the EL layer 32 contain wavelengths appropriate for 
reading the electrostatic latent image from the radiation 30 
image detector 10. Also, the wavelengths of the EL light 
produced by the EL layer 32 should preferably contain 
wavelengths appropriate as pre-exposure light, which 
will be described later. The term "containing wave- 
lengths appropriate for reading an electrostatic latent 31 
image from a radiation image detector 10" as used 
herein means that the wavelengths of the EL light pro- 
duced by the EL layer 32 should preferably be set in 
accordance with the materials of the charge transport- 
ing layer 13 and the reading photo-conductive layer 14 4. 
constituting the radiation image detector 10. In order for 
the wavelengths of the EL light produced by the EL layer 
32 to be set, the material of the EL layer 32 should pref- 
erably be selected. For example, the reading photo-con- 
ductive layer 14 may contain, as a principal constituent, a 
at least one constituent selected from the group consist- 
ing of a-Se, Pbl 2 . Bi 12 (Ge, Si)0 2 o, perylene bis-imide 
(R=n-propyi). and perylene bis-imide (R=n-neopentyl), 
may have a high sensitivity to light having wavelengths 
(300nm to 550nm) of the near ultraviolet to blue region, t 
and may have a low sensitivity to light having wave- 
lengths of the red region. In such cases, the EL layer 32 
may be formed from a distyryl allylene derivative, or the 
like, such that the light having wavelengths of the near 
ultraviolet to blue region may be produced by the EL ; 
layer 32. The light having wavelengths of the near ultra- 
violet to blue region is appropriate also as the pre-expo- 
sure light. 



[0043] The light source control means 40 applies a 
predetermined voltage across the comb teeth 31a, 31a. 
... and the electrically conductive layer 33, which stands 
facing the comb teeth 31a, 31a. ... The voltage is 
applied successively to the comb teeth 31a, 31a f ... 
Alternatively, the voltage is applied simultaneously to 
several comb teeth 31a, 31a. ... or all of them. By the 
application of the voltage, the EL light is produced by 
the EL layer 32 and is utilized as the reading light or the 
pre-exposure light. 

[0044] The current detecting means 50 has a plurality 

of current detection amplifiers 51 , 51 each of which 

is connected to one of the comb tooth-shaped elec- 
trodes 15a, 15a. ... of the second electrical conductor 
layer 15. The current detecting means 50 detects elec- 
tric currents, which flow through the comb tooth-shaped 
electrodes 15a, 15a. ... due to exposure to the reading 
light, in a parallel manner. The first electrical conductor 
layer 1 1 of the radiation image detector 10 is connected 
to one of input terminals of a connection means 52 and 
to a negative pole of an electric power source 53. A pos- 
itive pole of the electric power source 53 is connected to 
the other input terminal of the connection means 52. 
Though not shown in Figure 1A, an output terminal of 
the connection means 52 is connected to each of the 
current detection amplifiers 51, 51, ... The current 
detection amplifiers 51. 51, ... may have one of various 
known constitutions. The manner in which the connec- 
tion means 52 and the electric power source 53 are con- 
nected varies for different constitutions of the current 
detection amplifiers 51 , 51, ... 

[0045] How the radiation image detecting and read- 
out apparatus 1 operates will be described hereinbelow. 
[0046] When the electrostatic latent image is to be 
recorded on the radiation image detector 10, firstly, the 
connection of the connection means 52 is changed over 
to the side of the electric power source 53, and a d.c. 
voltage is applied across the first electrical conductor 
layer 11 and the comb tooth-shaped electrodes 15a, 
> 15a, ... of the second electrical conductor layer 15. In 
this manner, the first electrical conductor layer 1 1 and 
the second electrical conductor layer 15 are electrically 
charged. As a result, a U-shaped electric field having 
the concavity of the U-shape at the comb tooth-shaped 
5 electrode 1 5a is formed between the first electrical con- 
ductor layer 1 1 and the comb tooth-shaped electrode 
15a in the radiation image detector 10. 
[0047] Thereafter, the recording light is irradiated to an 
object (not shown), and the recording light having 
0 passed through the object, i.e. radiation carrying radia- 
tion image information of the object, is irradiated to the 
radiation image detector 10. As a result, pairs of positive 
and negative charges occur in the recording photo-con- 
ductive layer 12 of the radiation image detector 10. Of 
s the pairs of positive and negative charges, the negative 
charges are centralized upon the comb tooth-shaped 
electrodes 15a, 15a, ... along the electric field distribu- 
tion described above. In this manner, the negative 
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charges are accumulated at the interface between the 
recording photo-conductive layer 12 and the charge 
transporting layer 13. The amount of the accumulated 
negative charges (the latent image charges) is approxi- 
mately in proportion to the dose of radiation delivered to 5 
the radiation image detector 10. Therefore, the latent 
image charges carry the electrostatic latent image. In 
this manner, the electrostatic latent image is recorded 
on the radiation image detector 10. The positive 
charges occurring in the recording photo-conductive w 
layer 12 are attracted to the first electrical conductor 
layer 11, combine with negative charges injected from 
the electric power source 53. and disappear. 
[0048] When the electrostatic latent image is to be 
read out from the radiation image detector 1 0, firstly, the is 
connection of the connection means 52 is changed over 
to the side of the first electrical conductor layer 1 1 of the 
radiation image detector 10. 

[0049] Thereafter, the light source control means 40 
applies a predetermined d.c. voltage across each of the 20 
comb teeth 31a, 31a, ... and the electrically conductive 
layer 33. The voltage application is performed by suc- 
cessively changing over the comb teeth 31a, 31a, ... By 
the application of the d.c. voltage, the EL light is pro- 
duced by the region of the EL layer 32. which is sand- 2s 
wiched between each comb tooth 31a and the 
electrically conductive layer 33. Since each comb tooth 
31a has the line-like shape, the EL light having passed 
through the comb tooth 31a can be utilized as line-like 
reading light. Specifically, the surface-shaped light 30 
source 30 is equivalent to a light source comprising a 
plurality of line-shaped small light sources, which are 
arrayed in a surface form, in cases where the EL light is 
produced by successively changing over the comb teeth 

31a, 31a the radiation image detector 10 is electri- 35 

cally scanned with the reading light. 
[0050] Thereafter, the line-like reading light passes 
through the comb tooth-shaped electrodes 15a, 15a, ... 
of the second electrical conductor layer 1 5 of the radia- 
tion image detector 1 0. As a result, pairs of positive and 40 
negative charges occur in the reading photo-conductive 
layer 14. Of the pairs of positive and negative charges, 
the positive charges move quickly through the charge 
transporting layer 13 so as to be attracted by the nega- 
tive charges (the latent image charges), which have 45 
been accumulated at the interface between the record- 
ing photo-conductive layer 12 and the charge transport- 
ing layer 13. The positive charges combine with the 
latent image charges at the interface between the 
recording photo-conductive layer 12 and the charge sc 
transporting layer 13 and disappear. The negative 
charges occurring in the reading photo-conductive layer 
14 combine with positive charges, which are injected 
from the electric power source 53 into the second elec- 
trical conductor layer 15, and disappear. In this manner, st 
the negative charges having been accumulated in the 
radiation image detector 10 disappear through charge 
re-combination, and electric currents due to the move- 



ment of the electric charges at the time of the charge re- 
combination occur in the radiation image detector 10. 
The electric currents are detected for the respective 
comb tooth-shaped electrodes 15a, 15a, ... in a parallel 
manner by the current detection amplifiers 51, 51, 
each of which is connected to one of the comb tooth- 
shaped electrodes 15a, 15a, ... The electric currents 
flowing through the radiation image detector 10 at the 
time of the readout occur in accordance with the latent 
image charges, i.e. the electrostatic latent image. 
Therefore, the electrostatic latent image can be read out 
by detecting the electric currents. 
[0051] In cases where the d.c. voltage is applied by 
successively changing over the comb teeth 31a, 31a. ... 
of the electrically conductive layer 31 for reading out the 
electrostatic latent image in the manner described 
above, the problems occur in that electromagnetic noise 
occurs due to the change-over and enters into the radi- 
ation image detector 10. As a result, noise is super- 
posed upon the currents flowing through the radiation 
image detector 10, and noise appears on the read-out 
image. In order to prevent noise from occurring due to 
electromagnetic noise, electromagnetic shield means 
should preferably be located between the radiation 
image detector 10 and the surface-shaped light source 
30. As the electromagnetic shield means, for example, a 
transparent, electrically conductive layer formed from 
indium tin oxide (ITO), or the like, may be utilized. The 
electromagnetic shield means should more preferably 
be formed so as to surround the entire radiation image 
detector 10. 

[0052] With the radiation image detecting and read- 
out apparatus 1 comprising the radiation image detector 
10 and the read-out apparatus 20, which are combined 
with each other, the radiation image detector 10 is 
scanned with the line-like reading light produced by the 
surface-shaped light source 30 of the read-out appara- 
tus 20. The scanning is performed with electrical scan- 
ning by successively changing over the comb teeth 31 a, 
31a. ... Therefore, it is unnecessary for mechanical 
scanning as in conventional techniques to be performed 
for the scanning with the reading light. As a result, the 
number of parts can be kept small, and a simple, cheap, 
and small read-out apparatus can be formed. Also, 
since the mechanical scanning is not performed, the 
scanning system need not be provided with movable 
parts. Accordingly, the reliability of the read-out appara- 
tus can be enhanced. Further, since the radiation image 
detector 10 and the read-out apparatus 20 are com- 
bined with each other, the apparatus can be formed as 
a portable type of apparatus. 

[0053] Basically, with the radiation image detecting 
and read-out apparatus 1, after the electrostatic latent 
image has been read out from the radiation image 
detector 10, no latent image charge will remain in the 
radiation image detector 10, and the radiation image 
detector 10 can be used again for recording an electro- 
static latent image. However, it often occurs that the 
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latent image charges do not disappear perfectly as a 
result of the read-out operation and remain as residual 
charges in the radiation image detector 10. Also, before . 
the radiation image detector 10 is exposed to the 
recording light for recording the electrostatic latent 5 
image, a high voltage is applied to the radiation image 
detector 10. At the time of the application of the high 
voltage, dark current occurs, and electric charges (dark 
current charges) due to the dark current are accumu- 
lated in the radiation image detector 10. Further, it has 1 
been known that electric charges are accumulated in 
the radiation image detector 10 due to other causes 
prior to the exposure to the recording light. The unnec- 
essary electric charges, such as the residual charges 
and the dark current charges, which are accumulated in 7 
the radiation image detector 10 prior to the exposure to 
the recording light, are added to the electric charges 
carrying the image information, which are accumulated 
when the radiation image detector 10 is exposed to the 
recording light. Therefore, a signal, which is detected ; 
when the electrostatic latent image is read out from the 
radiation image detector 10, contains signal compo- 
nents, which correspond to the electric charges carrying 
the image information, and signal components corre- 
sponding to the unnecessary electric charges. As a , 
result, the problems concerning a residual image phe- 
nomenon and a low signal-to-noise ratio occur. 
[0054] Accordingly, such that the unnecessary electric 
charges accumulated in the radiation image detector 10 
may be erased and the problems concerning a residual 
image phenomenon and a low signal -to-noise ratio may 
be eliminated, pre-exposure may be performed by irra- 
diating predetermined light to the radiation image detec- 
tor 10 before the recording light is irradiated to the 
radiation image detector 10. (The pre-exposure is 
described in Japanese Patent Application No. 10(1998)- 
232824.) 

[0055] The radiation image detecting and read-out 
apparatus 1 in accordance with the present invention is 
constituted such that the surface-shaped light source 30 
can produce the light for pre-exposure. Specifically, a 
predetermined voltage is applied simultaneously across 
a plurality of the comb teeth 31a, 31a, ... and the electri- 
cally conductive layer 33. At this time, it is sufficient for 
the pre-exposure light, which is produced by the EL 
layer 32 due to the application of the voltage, to be irra- 
diated approximately uniformly to the radiation image 
detector 10, and no limitation is imposed upon the 
number of the comb teeth 31a, 31a, ... to which the volt- 
age is applied. For example, the voltage may be applied 
to several comb teeth 31a, 31a, .... which are selected 
at predetermined intervals, or to all of the comb teeth 
31a, 31a, ... 

[0056] As described above, with the radiation image 
detecting and read-out apparatus 1 , the reading light 
and the pre-exposure light are produced by the single 
same light source. Therefore, the number of parts of the 
apparatus can be kept small, and a cheap apparatus 



can be formed. 

[0057] The pre-exposure light may have wavelengths 
identical with the wavelengths of the reading light. Alter- 
natively, the pre-exposure light may have wavelengths 
appropriate for the pre-exposure, i.e. wavelengths differ- 
ent from the wavelengths of the reading light, in cases 
where an EL layer capable of producing multi-color light 
is utilized, the reading light having certain wavelengths 
and the pre-exposure light having different wavelengths 

> can be produced. Since the pre-exposure light can be 
obtained by merely altering the wavelengths of the pro- 
duced light, the problems can be prevented from occur- 
ring in that the size of the apparatus becomes large for 
obtaining the pre-exposure light. With the aforesaid sys- 

> tern described in U.S. Patent No. 5,510,626, means for 
cutting out light having wavelengths for readout must be 
utilized, and therefore the system becomes large. 
[0058] Also, with the aforesaid system described in 
the Literature 2, primary exposure must be performed 

0 for the pre-charging prior to final recording. However, 
with the radiation image detecting and read-out appara- 
tus 1 in accordance with the present invention, light for 
the primary exposure can be produced by the light 
source for readout, and the light source for readout can 

>5 thus be utilized also as the light source for the primary 
exposure. 

[0059] In the embodiment described above, the elec- 
trically conductive layer 33 of the surface-shaped light 
source 30 has the flat plate-shaped electrode structure. 
w Alternatively, the electrically conductive layer 33 may be 
formed in a comb tooth-like shape and may be located 
such that the comb teeth of the electrically conductive 
layer 33 are parallel with the comb tooth-shaped elec- 
trodes 15a, 15a, ... of the radiation image detector 10. In 
35 such cases, when the comb teeth 31a, 31a, ... are 
changed over successively during the readout, a d.c. 
voltage is applied across all of the comb teeth of the 
electrically conductive layer 33 and each of the comb 
teeth 31a, 31a, ... In cases where the electrically con- 
40 ductive layer 33 is formed in the comb tooth-like shape, 
approximately point-like EL light can be obtained with 
the comb teeth of the electrically conductive layer 33. 
Therefore, the read-out apparatus can be constituted, 
wherein the readout is performed by successively 
45 changing over the line light sources, each of which is 
constituted of a plurality of point-shaped small light 
sources (small point light sources) arrayed in a line 
shape. With the small point light sources, the read-out 
sharpness can be enhanced. 
50 [0060] Also, in the embodiment described above, the 
surface-shaped light source 30 is constituted of the EL 
device such that the electrically conductive layer 31 has 
the comb tooth-like shape. Alternatively, a known simple 
matrix-like EL device, which produces point-like EL 
55 light, may be utilized as the surface-shaped light source 
30. in such cases, the surface-shaped light source 30 is 
equivalent to a light source, which comprises a plurality 
of point-like small light sources arrayed in a matrix form. 



9 



17 EP0 9 

[0061] In such cases, when the electrostatic latent 
image is to be read out, elements of the EL device con- 
stituting the matrix are activated one after another by 
the light source control means 40. 
[0062] Also, when the pre-exposure is to be per* 
formed, a plurality of the elements of the EL device con- 
stituting the matrix are activated simultaneously. At this 
time, it is sufficient for the pre-exposure light to be irra- 
diated approximately uniformly to the radiation image 
detector 10, and no limitation is imposed upon the 
number of the elements, which are activated. For exam- 
ple, several elements selected at predetermined inter- 
vals may be activated, or all of the elements may be 
activated. 

[0063] In cases where the surface-shaped light source 
30 (including the cases of the EL device), which com- 
prises a plurality of point-like small light sources arrayed 
in the matrix form, is utilized, the second electrical con- 
ductor layer 15 of the radiation image detector 10 may 
be constituted of the comb tooth-shaped electrodes or a 
flat plate-shaped electrode. In cases where the second 
electrical conductor layer 15 of the radiation image 
detector 10 is constituted of the flat plate-shaped elec- 
trode, it is sufficient for only a single current detection 
amplifier to be provided. 

[0064] An embodiment of the image detecting and 
read-out apparatus in accordance with the present 
invention, wherein a liquid crystal is utilized as a light 
source and a radiation image is detected and read out, 
will be described hereinbelow. Figure 3A is a perspec- 
tive view showing such an embodiment. Figure 3B is an 
X-Z cross-sectional view of Figure 3A. Figure 3C is an 
X-Y cross-sectional view of Figure 3A. In Figure 3A, 
light source control means (an example of wave source 
control means) 41, which controls part of a recording 
apparatus for recording an electrostatic latent image on 
the radiation image detector 10 and a reading surface- 
shaped light source (an example of a surface-shaped 
wave source) 60, and the current detecting means 50 
are also shown. 

[0065] As illustrated in Figure 3A, a radiation image 
detecting and read-out apparatus 2 is constituted of the 
radiation image detector 10 and a read-out apparatus 
21 for the radiation image detector 10. The radiation 
image detector 10 is constituted in the same manner as 
that in the radiation image detector 10 of the aforesaid 
radiation image detecting and read-out apparatus 1. 
[0066] The surface-shaped light source 60 comprises 
a liquid crystal panel 61 and a back light source 69. The 
liquid crystal panel 61 comprises a polarizing film 62, an 
electrode layer 63, a liquid crystal layer 64, an electrode 
layer 65, and a polarizing film 66, which are overlaid in 
this order. The back light source 69 is located on the 
side of the polarizing film 66. The radiation image detec- 
tor 10, the liquid crystal panel 61, and the back light 
source 69 are combined with one another, such that the 
polarizing film 62 may be located on the side of the radi- 
ation image detector 10. An insulation layer 67 is formed 
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between the second electrical conductor layer 15 of the 
radiation image detector 10 and the polarizing film 62 of 
the surface-shaped light source 60. 
[0067] The electrode layer 63 is formed in a comb 

5 tooth shape so as to intersect (in this embodiment, 
approximately perpendicularly) with the comb tooth- 
shaped electrodes 15a, 15a, ... of the radiation image 
detector 10. In this manner, the surface-shaped light 
source 60 is constituted such that a plurality of comb 

io teeth 63a, 63a which act as line-shaped light 

sources, are arrayed in a surface form. Each of the 
comb teeth 63a, 63a, ... is connected to the light source 
control means 41. Also, each of the comb teeth 63a, 
63a, ... is formed from a material permeable to back 

75 light, which is produced by the back light source 69 and 
has passed through the liquid crystal layer 64. The elec- 
trode layer 65 is formed as a flat plate-shaped elec- 
trode. The electrode layer 65 is formed from a material, 
which transmits the back light produced by the back 

20 light source 69. 

[0068] The polarizing film 62 and the polarizing film 66 
act such that the back light, which has been produced 
by the back light source 69 and has passed through the 
liquid crystal layer 64, may impinge straightly upon the 

25 radiation image detector 10. Specifically, the polarizing 
film 62 and the polarizing film 66 act such that only the 
light, which has been polarized by the liquid crystal layer 
64 and travels in a specific direction (in this embodi- 
ment, in the direction straight toward the radiation image 

30 detector 10), may impinge upon the radiation image 
detector 10. 

[0069] The wavelengths of the light impinging upon 
the radiation image detector 10 contain wavelengths 
appropriate for reading the electrostatic latent image 

35 from the radiation image detector 10. Also, the wave- 
lengths of the light impinging upon the radiation image 
detector 10 should preferably contain wavelengths 
appropriate as pre-exposure light described above. As 
described above, the term "containing wavelengths 

AO appropriate for reading an electrostatic latent image 
from a radiation image detector 10" as used herein 
means that the wavelengths of the light impinging upon 
the radiation image detector 10 should preferably be set 
in accordance with the materials of the charge trans- 

45 porting layer 13 and the reading photo-conductive layer 
14 constituting the radiation image detector 10. For 
such purposes, a back light source 69 capable of pro- 
ducing the light having such wavelengths may be uti- 
lized. Alternatively, a wavelength adjusting optical filter 

so may be located between the radiation image detector 1 0 
and the back light source 69. 

[0070] The light source control means 41 applies a 
predetermined voltage across the comb teeth 63a, 63a, 
... and the electrode layer 65. The voltage is applied 
55 successively to the comb teeth 63a, 63a, ... Alterna- 
tively, the voltage is applied simultaneously to several 
comb teeth 63a, 63a, ... or all of them. By the application 
of the voltage, the back light produced by the back light 



10 



19 



EP 0 989 730 A2 



20 



source 69 is polarized by the liquid crystal layer 64, is 
converted into the light traveling straightly to the radia- 
tion image detector 1 0, and impinges upon the radiation 
image detector 10. Since the comb teeth 63a, 63a, ... 
have the line-like shape, the back light having passed * 
through the comb teeth 63a, 63a. ... also has a line-like 
shape. Specifically, when the voltage is applied, the 
back light can be utilized as the line-like reading light. 
More specifically, the surface-shaped light source 60 is 
equivalent to a light source comprising a plurality of line- 
shaped small light sources, which are arrayed in a sur- 
face form. In cases where the comb teeth 63a, 63a, ... 
are changed over successively, the radiation image 
detector 10 is electrically scanned with the line-like 
reading light. 

[0071] Therefore, in this embodiment, the light source 
control means 41 applies the predetermined d.c. volt- 
age across each of the comb teeth 63a. 63a, ... and the 
electrode layer 65 by successively changing over the 
comb teeth 63a, 63a, ... In this manner, the electrostatic 
latent image can be read out by electrically scanning the 
radiation image detector 10. 

[0072] Accordingly, in cases where the liquid crystal 
panel is utilized as the light source as in this embodi- 
ment, it is unnecessary for mechanical scanning as in 
conventional techniques to be performed for the scan- 
ning with the reading light. As a result, the number of 
parts can be kept small, and a simple, cheap, and small 
read-out apparatus can be formed. Also, the reliability of 
the read-out apparatus can be enhanced. Further, since 
the radiation image detector 10 and the read-out appa- 
ratus 21 are combined with each other, the apparatus 
can be formed as a portable type of apparatus." 
[0073] In this embodiment, in cases where the d.c. 
voltage is applied by successively changing over the 
comb teeth 63a, 63a, ... of the electrode layer 63. the 
problems occur in that electromagnetic noise occurs 
due to the change-over. Therefore, as in the aforesaid 
radiation image detecting and read-out apparatus 1 uti- 
lizing the EL device as the surface-shaped light source 
30, the electromagnetic shield means should preferably 
be located between the radiation image detector 10 and 
the surface-shaped light source 60. and current noise 
due to the electromagnetic noise should preferably be 
prevented. 

[0074] Also, as in the radiation image detecting and 
read-out apparatus 1 utilizing the EL device as the sur- 
face-shaped light source 30, the pre-exposure can be 
performed by applying a predetermined voltage simulta- 
neously across a plurality of the comb teeth 63a, 63a, ... 
and the electrode layer 65, and irradiating approxi- 
mately uniform light to the radiation image detector 10. 
At this time, no limitation is imposed upon the number of 
the comb teeth 63a, 63a, ... to which the voltage is 
applied. 

[0075] Further, the electrode layer 65 may be formed 
in a comb tooth-like shape and may be located such that 
the comb teeth of the electrode layer 65 are parallel with 



the comb tooth-shaped electrodes 15a, 15a, ... of the 
radiation image detector 10. In cases where the elec- 
trode layer 65 is formed in the comb tooth-like shape, 
the back light polarized by the liquid crystal layer 64 can 

5 be obtained as approximately point-like back light with 
the comb teeth of the electrode layer 65. Therefore, the 
read-out apparatus can be constituted, wherein the rea- 
dout is performed by successively changing over the 
line light sources, each of which is constituted of a plu- 

io rality of point-shaped small light sources (small point 
light sources) arrayed in a line shape. With the small 
point light sources, the read-out sharpness can be 
enhanced. 

[0076] Furthermore, in this embodiment, a known sim- 
15 pie matrix type of liquid crystal panel may be employed. 
In such cases, the surface-shaped light source 60 is 
equivalent to a light source, which comprises a plurality 
of point-like small light sources arrayed in a matrix form. 
[0077] In such cases, when the electrostatic latent 
image is to be read out, liquid crystal driving elements 
(e.g., TFT's), which are arrayed in the matrix form, are 
driven one after another by the light source control 
means 41. In this manner, the reading light is entered 
from the area (corresponding to a pixel) of the liquid 
crystal panel, which corresponds to the driven element, 
into the radiation image detector 10. 
[0078] Also, when the pre-exposure is to be per- 
formed, a plurality of the liquid crystal driving elements 
are driven simultaneously. At this time, it is sufficient for 
the pre-exposure light to be irradiated approximately 
uniformly to the radiation image detector 10, and no lim- 
itation is imposed upon the number of the elements, 
which are driven. For example, several elements 
selected at predetermined intervals may be driven, or all 
of the elements may be driven. 

[0079] In cases where the simple matrix type of liquid 
crystal panel is utilized, the second electrical conductor 
layer 15 of the radiation image detector 10 may be con- 
stituted of the comb tooth-shaped electrodes or a flat 
plate-shaped electrode. 

[0080] An embodiment of the read-out apparatus for 
an image detector in accordance with the present inven- 
tion will be described hereinbelow. Figure 4A is a per- 
spective view showing a read-out apparatus 70. Figure 
4B is a perspective view showing a detector casing 80, 
which accommodates the radiation image detector 1 0 of 
the aforesaid radiation image detecting and read-out 
apparatus 1. 

[0081] The read-out apparatus 70 comprises a sur- 
so face-shaped light source 71 , light source control means 
78. and an interface section 79. A detector receiving 
section 77 capable of accommodating the detector cas- 
ing 80 is formed in a side face (a front side face in Figure 
4A) of the read-out apparatus 70. 
55 [0082] The surface -shaped light source 71 has the 
same constitution as the constitution of the surface- 
shaped light source 30 of the aforesaid radiation image 
detecting and read-out apparatus 1. Also, the light 
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source control means 78 has the same constitution as 
the constitution of the light source control means 40 of 
the aforesaid radiation image detecting and read-out 
apparatus 1. The surface-shaped light source 71 is con- 
stituted of the EL device and comprises an electrically 
conductive layer 72, an EL layer 73, and an electrically 
conductive layer 74. The surface-shaped light source 71 
is located such that the electrically conductive layer 72 
stands facing the top surface of the detector receiving 
section 77. Electromagnetic shield means should pref- 
erably be located between the surface-shaped light 
source 71 and the top surface of the detector receiving 
section 77. The electromagnetic shield means should 
more preferably be located so as to cover the entire 
inner walls of the detector receiving section 77. 
[0083] The electrically conductive layer 72 of the sur- 
face-shaped light source 71 is formed in a comb tooth 
shape so as to intersect (in this embodiment, approxi- 
mately perpendicularly) with the comb tooth-shaped 
electrodes 15a, 15a t ... of the radiation image detector 
10 when the detector casing 80 has been accommo- 
dated in the detector receiving section 77. In this man- 
ner, the surface-shaped light source 71 is constituted 
such that a plurality of comb teeth 72a, 72a, ... (hatched 
in Figure 4A), which act as line-shaped light sources, 
are arrayed in a surface form. Each of the comb teeth 
72a, 72a, ... is connected to the light source control 
means 78. Also, each of the comb teeth 72a, 72a t ... is 
formed from a material permeable to the EL light pro- 
duced by the EL layer 73. The electrically conductive 
layer 74 is formed as a flat plate-shaped electrode. The 
electrically conductive layer 74 is formed from a mate- 
rial, which totally reflects the EL light produced by the 
EL layer 73. 

[0084] The detector casing 80 accommodates the 
radiation image detector 10 and the current detecting 
means 50 of the aforesaid radiation image detecting 
and read-out apparatus 1 . 

[0085] The radiation image detector 10 is accommo- 
dated in the detector casing 80 such that the comb 
tooth-shaped electrodes 15a, 15a, ... may stand facing 
up in Figure 4B. The side of the detector casing 80 close 
to the comb tooth-shaped electrodes 15a, 15a, ... of the 
radiation image detector 10 is permeable to the light 
produced by the surface-shaped light source 71 of the 
read-out apparatus 70. A light shutter 81 is located 
between the side of the comb tooth-shaped electrodes 
15a, 15a, ... of the radiation image detector 10 and the 
detector casing 80. When the detector casing 80 is not 
accommodated in the detector receiving section 77, the 
light shutter 81 prevents light from impinging upon the 
radiation image detector 10. As indicated by the 
chained line in Figure 4A, when the detector casing 80 
has been accommodated in the detector receiving sec- 
tion 77. the light shutter 81 is slid and allows the light 
produced by the surface-shaped light source 71 to 
impinge upon the side of the comb tooth-shaped elec- 
trodes 15a, 15a, ... of the radiation image detector 10. 



The read-out apparatus 70 is provided with means (not 
shown) for automatically sliding the light shutter 81 
when the detector casing 80 has been accommodated 
in the detector receiving section 77. 

5 [0086] An interface section 82 is located on the lead- 
ing side of the detector casing 80, which is fitted into the 
deep region of the read-out apparatus 70. The interface 
section 82 contains the current detecting means 50 and 
interface means, which is to be electrically connected to 

10 the interface section 79 of the read-out apparatus 70. 
Alternatively, the current detecting means 50 may be 
located on the side of the read-out apparatus 70. 
[0087] When the electrostatic latent image having 
been recorded on the radiation image detector 10 is to 

75 be read out with the read-out apparatus 70, firstly, the 
detector casing 80 is accommodated in the detector 
receiving section 77. At this time, the interface section 
79 of the read-out apparatus 70 and the interface sec- 
tion 82 of the detector casing 80 are connected to each 

20 other, and the radiation image detector 10 and the read- 
out apparatus 70 are electrically connected to each 
other. Also, the light shutter 81 of the detector casing 80 
is slid, and the surface-shaped light source 71 and the 
side of the radiation image detector 10 provided with the 

25 comb tooth-shaped electrodes 15a, 1 5a, ... stand facing 
each other. In this manner, the readout becomes possi- 
ble. 

[0088] Production of the reading light by the surface- 
shaped light source 71 and the readout of the electro- 
30 static latent image from the radiation image detector 10 
are performed in the same manner as that in the radia- 
tion image detecting and read-out apparatus 1 
described above. 

[0089] In the embodiment of the read-out apparatus 

35 70, the surface-shaped light source 71 has the same 
constitution as the constitution of the surface-shaped 
light source 30 of the radiation image detecting and 
read-out apparatus 1 described above. However, the 
read-out apparatus for an image detector in accordance 

40 with the present invention is not limited to such an 
embodiment. Specifically, one of various other surface- 
shaped light sources may be employed, which are 
appropriate for the readout of the electrostatic latent 
image from the radiation image detector accommo- 

45 dated in the detector casing 80, i.e. which correspond to 
the radiation image detector. Therefore, the surface- 
shaped light source of the integral type of the image 
detecting and read-out apparatus described above may 
be located in the read-out apparatus, and the radiation 

so image detector of the integral type of the image detect- 
ing and read-out apparatus described above may be 
accommodated in the detector casing 80. 
[0090] In the embodiments described above, the EL 
device or the liquid crystal is utilized as the surface- 

55 shaped light source. However, the surface-shaped wave 
source employed in the present invention is not limited 
to the EL device and the liquid crystal. Specifically, the 
surface-shaped wave source may comprise a plurality 
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of small wave sources, each of which produces the 
reading electromagnetic wave and which are arrayed in 
a surface form. For example, the surface-shaped wave 
source may be constituted of a plurality of point-shaped 
small wave sources, which are arrayed in a matrix form. 
Alternatively, the surface-shaped wave source may be 
constituted of a plurality of line-shaped small wave 
sources, which are arrayed so as to stand side by side 
along the direction normal to the longitudinal direction of 
each small wave source. Specifically, a plurality of small 
point light sources having a circular shape, such as 
LED's, may be arrayed in a matrix form. Alternatively, a 
plurality of line-shaped LED's, or the like, may be 
arrayed so as to stand side by side along the direction 
normal to the longitudinal direction of each LED, or the 
like. As another alternative, a plurality of small point light 
sources having a circular shape, such as LED's, may 
firstly be arrayed in a line shape, and then the line- 
shaped LED groups may be arrayed so as to stand side 
by side along the direction normal to the longitudinal 
direction of each LED group. In cases where a plurality 
of small point light sources are firstly arrayed in a line 
shape, the small point light sources constituting each 
line-shaped LED group are driven simultaneously. 
[0091 ] Also, in the embodiments described above, the 
electrostatic recording material described in Japanese 
Patent Application No. 10(1998)-232824 is employed as 
the radiation image detector 10. However, the radiation 
image detector 10 is not limited to the electrostatic 
recording material. Specifically, one of various other 
radiation image detectors may be employed, which gen- 
erates electric currents in accordance with the latent 
image charges carrying the radiation image information 
when being scanned with a reading electromagnetic 
wave (including the cases of light). 
[0092] The reading electromagnetic wave includes the 
cases of light. However, the reading electromagnetic 
wave may be one of various other kinds of electromag- 
netic waves, with which the electrostatic latent image 
can be read out from the radiation image detector. For 
example, the reading electromagnetic wave may be 
radiation, such as X-rays. 

[0093] Further, in the embodiments described above, 
the radiation image detector, which is capable of record- 
ing the radiation image information as the electrostatic 
latent image when being exposed to radiation carrying 
the radiation image information, is employed as the 
image detector, and the electrostatic latent image carry- 
ing the radiation image information is read out. How- 
ever, the image detector employed in the present 
invention may be an image detector, which is capable of 
recording image information as the electrostatic latent 
image when being exposed to light (not limited to visible 
light). For example, in the radiation image detector 10 
described above, the first electrical conductor layer 1 1 
may be permeable to visible light, which acts as the 
recording light and which carries image information, and 
the recording photo-conductive layer 12 may exhibit 



electrical conductivity when being exposed to the 
recording light. Alternatively, a fluorescent material 
screen, which produces the fluorescence when being 
exposed to radiation, may be located on the side out- 

5 ward from the first electrical conductor layer 11 of the 
radiation image detector 10, the first electrical conduc- 
tor layer 1 1 may be permeable to the fluorescence pro- 
duced by the fluorescent material screen, and the 
recording photo-conductive layer 12 may exhibit the 

10 electrical conductivity when being exposed to the fluo- 
rescence. 

Claims 

is 1. A read-out apparatus for an image detector, 
wherein a reading electromagnetic wave is caused 
to scan an image detector, on which image informa- 
tion has been recorded as an electrostatic latent 
image, and electric currents caused by the scan- 

20 ning to flow out of the image detector in accordance 
with the electrostatic latent image are detected, the 
read-out apparatus comprising: 

i) a surface-shaped wave source constituted of 
25 a plurality of small wave sources, which are 

arrayed in a surface form and each of which 
produces the reading electromagnetic wave, 
and 

ii) wave source control means for performing 
30 the scanning by driving said small wave 

sources one after another. 

2. A read-out apparatus as defined in Claim 1 wherein 
the read-out apparatus further comprises electro- 

35 magnetic shield means located at least on the side 
of said surface-shaped wave source, which stands 
facing the image detector. 

3. A read-out apparatus as defined in claim 1 wherein 
40 said wave source control means is capable of 

simultaneously driving the plurality of said small 
wave sources so as to irradiate a pre-exposure 
electromagnetic wave to the image detector. 

45 4. A read-out apparatus as defined in Claim 2 wherein 
said wave source control means is capable of 
simultaneously driving the plurality of said small 
wave sources so as to irradiate a pre-exposure 
electromagnetic wave to the image detector. 

50 

5. A read-out apparatus as defined in Claim 1 , 2, 3, or 
4 wherein the plurality of said small wave sources 
are point-shaped small wave sources, and said sur- 
face-shaped wave source is constituted of the plu- 

55 rality of said point-shaped small wave sources, 
which are arrayed in a matrix form. 

6. A read-out apparatus as defined in Claim 1, 2, 3, or 
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4 wherein the plurality of said small wave sources 
are line-shaped small wave sources, and said sur- 
face-shaped wave source is constituted of the plu- 
rality of said line-shaped small wave sources, which 
are arrayed so as to stand side by side along a 
direction normal to a longitudinal direction of each 
small wave source. 

7. A read-out apparatus as defined in Claim 6 wherein 
each of said line-shaped small wave sources is 
constituted of a plurality of point-shaped small wave 
sources, which are arrayed in a line form. 

8. A read-out apparatus as defined in Claim 1 , 2, 3, or 
4 wherein said surface-shaped wave source is con- 
stituted of an electroluminescence device. 

9. A read-out apparatus as defined in Claim 8 wherein 
said electroluminescence device is an organic elec- 
troluminescence device. 

1 0. A read-out apparatus as defined in Claim 9 wherein 
said organic electroluminescence device is pro- 
vided with a dielectric multi-layer film, which is 
located on the side facing the image detector. 

11 . A read-out apparatus as defined in Claim 1 , 2, 3, or 
4 wherein said surface-shaped wave source is con- 
stituted of a liquid crystal and a back light source, 
which is located on a side of said liquid crystal that 
is opposite to the side of said liquid crystal facing 
the image detector. 

12. A read-out apparatus as defined in Claim 1, 2, 3 t or 
4 wherein the image detector records radiation 
image information as the electrostatic latent image. 

13. An image detecting and read-out apparatus, com- 
prising: 

i) an image detector, which records image 
information as an electrostatic latent image and 
which generates electric currents in accord- 
ance with the electrostatic latent image when it 
is scanned with a reading electromagnetic 
wave, 

ii) current detecting means for detecting the 
electric currents generated by said image 
detector, 

iii) a surface-shaped wave source constituted 
of a plurality of small wave sources, which are 
arrayed in a surface form and each of which 
produces the reading electromagnetic wave, 
and 

iv) wave source control means for performing 
the scanning by driving said small wave 
sources one after another, 

said image detector, said current detecting 



means, said surface-shaped wave source, and 
said wave source control means being com- 
bined with one another. 

5 14. An image detecting and read-out apparatus as 
defined in Claim 13 wherein said image detector 
records radiation image information as the electro- 
static latent image. 
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